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(54) LED LIGHT SOURCE DEVICE AND LIGHTING FIXTURE USING THE SAME

(57) An LED light source device (1) having an LED
(12, 15, 18) including an LED element (13, 16, 19) as a
light emission source and capable of possessing the
same light distribution characteristics and luminance dis-
tribution as those of a common bulb having a coiled fila-
ment as a light emission source is provided. The LED
light source device (1) is also capable of providing the
same light distribution pattern when it is used for a lighting

fixture (200) that utilizes a bulb as a light source, in place
of a bulb. LEDs (12, 15) are disposed with respect to first
light reflecting surfaces (44, 45) of paired hyperbolic cy-
lindrical surfaces with a common focal line (fl) while LED
elements (13, 16) of the LEDs (12, 15) are disposed at
or near respective positions on the focal lines (f2a, f2b)
of the other hyperbolic cylindrical surfaces corresponding
to the paired hyperbolic cylindrical surfaces (44, 45).
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Description

Technical Field

[0001] The present invention relates to LED light
source devices and lighting fixtures using the same, and
in particular, to an LED light source device having an
LED including an LED element as a light emission source
and capable of possessing the same light distribution
characteristics and luminance distribution as those of a
common bulb having a coiled filament as a light emission
source. The LED light source device is also capable of
providing the same light distribution pattern when it is
used for a lighting fixture that utilizes a bulb as a light
source, in place of a bulb. Also, the present invention
relates to a lighting fixture using the LED light source
device.

Background Art

[0002] Japanese Patent No. 4689762 discloses an
LED bulb as conventional LED light source devices of
this type, which can include an optical system as illus-
trated in FIG. 1A.
[0003] The disclosed LED bulb can include an LED
light emitting element 100 and a reflecting member 101
disposed forward of the LED light emitting element 100
in its light illumination direction. The reflecting member
101 can include a reflecting surface 105 facing to the
light emission surface 102 of the LED light emitting ele-
ment 100 and having a center axis 106. The reflecting
surface 105 can be composed of an apex 103 projecting
toward the light emission surface 102 of the LED light
emitting element 100, and a curved conical reflecting sur-
face 104 that is a side surface extending from the apex
103 and concavely curved toward the center axis 106.
[0004] With this configuration, the light emitted from
the LED light emitting element 100 can be radially reflect-
ed sideward and obliquely rearward with respect to the
light illumination direction by means of the curved conical
reflecting surface 104 of the reflecting member 101. Then
the curved conical reflecting surface 104 can form a
pseud light source (E) by the reflected light (F) therefrom.
According to the conventional light source device dis-
closed in the conventional art, the light emission direction
of light from the pseud light source (E) can be substan-
tially the same as the light emission direction of light from
a halogen bulb with a filament. Consequently, the formed
position and the size of the light emission region of the
pseud light source (E) can be the same as those of such
a halogen bulb.
[0005] In the LED bulb disclosed in Japanese Patent
No. 4689762, the light from the pseud light source (E)
can be reflected by the curved conical reflecting surface
104, so that the reflected light (D) can form the light dis-
tribution pattern 107 as illustrated in FIG. 1B with a curved
conical shape projected by the curved conical reflecting
surface 104. The light emitted from the pseud light source

(E) can form distribution light characteristics and lumi-
nance distribution different from those of light emitted
from a coiled filament with a constant diameter.
[0006] In other words, the light distribution character-
istics of the pseud light source (E) can correspond to
those of a coiled filament (F) that is prepared by winding
filament while gradually changing the winding diameter
to form a curved conical shape. Therefore, the pseud
light source (E) can emit light rays including first light rays
emitted from first portions corresponding to those of fil-
ament wound with larger diameters and second light rays
emitted from second portions corresponding to those of
filament wound with smaller diameters. When such a
pseud light source (E) is mounted within a lighting fixture
having a light distribution control system, the first light
rays from the first portions of the pseud light source (E)
can be controlled in light distribution characteristics in
such a manner that they are spread by the light distribu-
tion control system while the second light rays from the
second portions thereof can be controlled in light distri-
bution characteristics in such a manner that they are con-
verged to a certain direction.
[0007] As a result, the lighting fixture with such a pseud
light source (E) installed therein is difficult to obtain the
same or similar light distribution characteristics and illu-
minance distribution as or to those of a conventional light-
ing fixture including a coiled filament with a constant di-
ameter. In short, even if a bulb is replaced with such an
LED bulb, the light distribution characteristics of such a
lighting fixture are remarkably different from those of a
lighting fixture with a conventional bulb.
[0008] Furthermore, the reflecting member 101 having
the curved conical reflecting surface 104 that can provide
such a pseud light source (E) needs to be supported by
a columnar support, and such a columnar support must
be arranged in the vicinity of the reflecting member 101
due to the limited space within the lighting fixture. This,
however, results in formation of a shadow by the colum-
nar support shielding the light emitted from the pseud
light source (E).

Summary

[0009] The present invention was devised in view of
these and other problems and features in association
with the conventional art. According to an aspect of the
present invention, an LED light source can employ an
LED including an LED element as a light emission source
and is capable of possessing the same or similar light
distribution characteristics and luminance distribution as
or to those of a common electric bulb having a coiled
filament as a light emission source. The LED light source
device is also capable of providing the same light distri-
bution pattern when it is used for a lighting fixture that
utilizes a bulb as a light source, in place of a bulb.
[0010] According to another aspect of the present in-
vention, an LED light source device can include: an LED
including an LED element as a light emission source; and
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a light reflecting body configured to include a light reflect-
ing surface configured to reflect light emitted from the
LED in a predetermined direction. The light reflecting sur-
face can include at least a first light reflecting surface
composed of a first hyperbolic cylindrical surface. The
first hyperbolic cylindrical surface can have an inner focal
line inside the light reflecting body and be obtained by
moving part of a hyperbolic line in a perpendicular direc-
tion to a plane including the hyperbolic line, the hyperbolic
line having an outer focal point at or near a position at
which the LED element is located.
[0011] According to another aspect of the present in-
vention, the LED light source device according to the
above-described aspect can be configured such that the
first light reflecting surface can further include a second
hyperbolic cylindrical surface. The second hyperbolic cy-
lindrical surface can have an inner focal line located at
the inner focal line of the first hyperbolic cylindrical sur-
face and be obtained by moving part of a hyperbolic line
in a perpendicular direction to a plane including the hy-
perbolic line, the hyperbolic line having an outer focal
point at a position different from the outer focal point of
the hyperbolic line of the first hyperbolic cylindrical sur-
face.
[0012] According to still another aspect of the present
invention, the LED light source device according to the
above-described aspect can be configured such that the
LED can comprise at least a first LED and a second LED,
and the first LED can be located at or near an outer focal
line obtained by moving the outer focal point of the hy-
perbolic line of the first hyperbolic cylindrical surface and
the second LED can be located at or near an outer focal
line obtained by moving the outer focal point of the hy-
perbolic line the second hyperbolic cylindrical surface.
[0013] According to still another aspect of the present
invention, the LED light source device according to any
one of the above-described aspects can be configured
such that the light reflecting surface can further include
a second light reflecting surface. The second light reflect-
ing surface can be configured by a free curved surface
provided so as to protrude in a direction substantially
perpendicular to an optical axis of the LED element and
away from the LED farther than the first light reflecting
surface. In this LED light source, light rays emitted from
the LED element within a predetermined emission angu-
lar range around the optical axis can be incident on the
first light reflecting surface and light rays emitted from
the LED element by a larger angle than the predeter-
mined emission angular range can be incident on the
second light reflecting surface.
[0014] According to still another aspect of the present
invention, the LED light source device according to any
one of the above-described aspects can be configured
such that the LED can be produced by resin-sealing an
LED element with a translucent resin so as to have an
aspheric light emission surface. The light rays emitted
from the LED element to enter the translucent resin can
be refracted by the light emission surface of the translu-

cent resin by means of lens effects to be bent toward the
optical axis of the LED element when exiting the trans-
lucent resin.
[0015] Furthermore, according to still another aspect
of the present invention, a lighting fixture can include a
reflector having a lighting chamber, an outer lens made
of a transparent resin and configured to cover the reflec-
tor to define the lighting chamber, and the LED light
source device according to any one of the above-de-
scribed aspects, the LED light source device disposed
in the lighting chamber.
[0016] As described above, the LED light source de-
vice of the present invention can include the LED having
the LED element as a light emission source and a light
reflecting body configured to include the first and second
light reflecting surfaces that are configured to reflect the
light rays emitted from the LED element to predetermined
directions. Further, the first light reflecting surface can
be formed from a hyperbolic cylindrical surface with an
outer focal line, at a certain point of which the LED can
be located while the LED can be disposed to face the
first light reflecting surface.
[0017] With the above-described configuration, the
light rays emitted from the LED and incident on the first
light reflecting surface can be reflected to an extending
direction of a line connecting the incident point of the first
light reflecting surface of the hyperbolic cylindrical sur-
face and a point of an inner focal line of a hyperbolic line
passing the incident point and the hyperbolic cylindrical
surface. Accordingly, when the LED is assumed to be
disposed above the light reflecting body and emit light
rays downward, the reflected light rays can be irradiated
toward a directional range of from sideward and obliquely
upward direction to sideward and obliquely downward
direction with respect to the first light reflecting surface,
as if the reflected light rays are emitted from an apparent
light source (pseud light source) disposed on a point of
the inner focal line. This means that the light rays can be
directed in substantially the same directions as the optical
paths of light rays emitted from a coiled filament with a
constant diameter (linearly extending coiled filament)
and irradiated from an electric bulb toward a directional
range of from sideward and obliquely upward direction
to sideward and obliquely downward direction.
[0018] Therefore, the lighting fixture employing the
LED light source device according to the present inven-
tion can form substantially the same light distribution pat-
tern as those obtained from a conventional lighting fixture
employing an electric bulb as a light source. Therefore,
even when the LED light source device of the present
invention is employed as a light source for a common
lighting fixture in place of a common electric bulb, the
same or similar light distribution characteristics and lu-
minance distribution can be achieved without modifying
the lighting fixture. Furthermore, such a common lighting
fixture can employ the LED light source device simply by
replacing the light source bulb of such a common lighting
fixture with the LED light source device, whereby the
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service life of the lighting fixture can be prolonged.

Brief Description of Drawings

[0019] These and other characteristics, features, and
advantages of the present invention will become clear
from the following description with reference to the ac-
companying drawings, wherein:

FIGs. 1A and 1B illustrate a conventional light source
device with an LED, FIG. 1A being a partial cross-
sectional view of an optical system and FIG. 1B being
a schematic view illustrating a light distribution pat-
tern of a pseud light source of the conventional light
source device;
FIG. 2 is an exploded perspective view illustrating
an LED light source device made in accordance with
principles of the present invention, as a first exem-
plary embodiment;
FIG. 3 is a schematic cross-sectional view illustrating
an LED;
FIG. 4 is a side view of the LED light source device
according to the first exemplary embodiment;
FIG. 5 is a cross-sectional view of the LED light
source device according to the first exemplary em-
bodiment when viewed from its side;
FIG. 6 is a cross-sectional view of the LED light
source device according to the first exemplary em-
bodiment when viewed from its front;
FIG. 7 is a partial enlarged cross-sectional view of
the LED light source device according to the first
exemplary embodiment;
FIGs. 8A and 8B are schematic horizontal cross-sec-
tional views of a conventional electric bulb (8A) and
the LED light source device (8B) according to the
first exemplary embodiment, respectively, for com-
parison;
FIG. 9 is a schematic cross-sectional view of a con-
ventional lighting fixture employing a conventional
electric bulb;
FIG. 10 is a schematic cross-sectional view of a light-
ing fixture employing the LED light source device
according to the first exemplary embodiment; and
FIG. 11 is a partial enlarged cross-sectional view of
an LED light source device according to a second
exemplary embodiment.

Description of Exemplary Embodiments

[0020] A description will now be made below to LED
light source devices of the present invention with refer-
ence to the accompanying drawings, FIGs. 2 to 11 in
accordance with exemplary embodiments. Herein, the
same or similar components will be denoted by the same
reference numbers/signs.
[0021] In the description, the directions are based on
the posture of a light source device in which an LED el-
ement is disposed above a light reflecting body and can

emit light rays downward as illustrated in FIGs. 2, 4, 5,
6, 7, etc. unless otherwise specified.
[0022] FIG. 2 is an exploded perspective view illustrat-
ing an LED light source device made in accordance with
principles of the present invention, as a first exemplary
embodiment. FIG. 3 is a schematic cross-sectional view
illustrating an LED. FIG. 4 is a side view of the LED light
source device according to the first exemplary embodi-
ment. FIG. 5 is a cross-sectional view of the LED light
source device according to the first exemplary embodi-
ment when viewed from its side. FIG. 6 is a cross-sec-
tional view of the LED light source device according to
the first exemplary embodiment when viewed from its
front.
[0023] The LED light source device 1 can mainly in-
clude, as illustrated in FIG. 2: a coupling ring 5; an LED
mounting board 10; a circuit board 25; a light reflecting
body 30; a pair of supporting main bodies 60 and 80.
[0024] The LED mounting board 10 can include a sub-
strate 11 on which a plurality of (in the illustrated exem-
plary embodiment, two) LEDs, first and second LEDs 12
and 15, are mounted. As illustrated in FIG. 3, each of the
LEDs 12 and 15 can be produced by sealing an LED
elements 13, 16 serving as a light emission source with
a sealing resin 14, 17 composed of a translucent resin
to form a light emission surface 14a, 17a. The LED ele-
ments 13, 16 can have an optical axis Xa, Xb and the
light emission surface 14a, 17a can be formed as a re-
volved aspheric surface around the optical axis Xa, Xb
as a rotational axis. With this configuration, the light rays
emitted from the light emission surface 13a, 16a of the
LED elements 13, 16 can enter the sealing resin 14, 17
and exit through the light emission surface 14a, 17a of
the sealing resin 14, 17 while being refracted by the light
emission surface 14a, 17a (lens effects) toward the op-
tical axis Xa, Xb (in a direction that narrows the illumina-
tion range), to thereby be irradiated within a predeter-
mined range.
[0025] With reference to FIG. 2 again, the circuit board
25 can contain not-illustrated electronic parts, not-illus-
trated current-limiting resistors, etc. mounted thereon.
The electronic parts can include those constituting a light-
ing control circuit configured to control lighting of the first
LED 12 and the second LED 15 on the LED mounting
board 10, for example. The current-limiting resistors can
be configured to limit the current passing through the first
LED 12 and the second LED 15.
[0026] The light reflecting body 30 can include a dome
portion 40 horizontally long at its upper portion and a pair
of flange portions 50 and 55 extending along the lower
edge of the dome portion 40 and outward from opposite
portions of the lower edge of the dome portion 40. The
dome portion 40 can have a ridge portion 43 at its top
and a dome-shaped outer peripheral surface while being
vertically cut at both ends in the lengthwise direction
across its width, and a groove (circuit board insertion
groove) 41 configured to receive and fix the circuit board
25 by fitting can be formed from at least one end side of
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the dome portion 40.
[0027] The outer peripheral surface of the dome por-
tion 40 can include a composite reflecting mirror surface
(hereinafter, may be referred to simply as the "composite
reflecting surface") composed of a plurality of continuous
reflecting mirror surfaces. In particular, as also illustrated
in FIG. 6, the composite reflecting surface can include a
pair of first light reflecting surfaces 44 and 45 with the
ridge portion 43 interposed therebetween (on both sides
thereof in the width direction) and at the center in the
lengthwise direction when viewed from above. The first
light reflecting surfaces 44 and 45 can be each formed
from a hyperbolic cylindrical surface. Furthermore, the
top surfaces of the pair of flange portions 50 and 55 can
include a pair of second light reflecting surfaces 51 and
56, which can be formed from a free curved reflecting
mirror surface.
[0028] Each of the pair of supporting main bodies 60
and 80 can include a heatsink portion 65, 85, a trunk
portion 70, 90, and a semispherical-cup shaped base
portion 75, 95. The heatsink portion 65, 85 can include
a plurality of heat dissipation fins 61, 81 provided so as
to radially extend, and a horizontally extending groove
(LED mounting board insertion groove) 62, 82 therein-
side so as to receive and support the LED mounting board
10. The trunk portions 70 and 90 extending from the cor-
responding heatsink portions 65 and 85 with a narrow
width can hold the light reflecting body 30 and the circuit
board 25 together. The semispherical-cup shaped base
portion 75, 95 can be formed continuously from the cor-
responding trunk portion 70, 90 and have an insertion
hole (circuit board insertion hole) 75a, 95a for receiving
the circuit board 25 so that the one end of the circuit board
25 can extend outside of the semispherical-cup shaped
base portion 75, 95. When assembling, the pair of sup-
porting main bodies 60 and 80 can be united as a single
unit while the LED mounting board 10, the circuit board
25, and the light reflecting body 30 are housed therein
and supported thereby.
[0029] Furthermore, the supporting main body 60, 80
can include a semi-cylindrical coupling support 66, 86
provided so as to protrude upward at the heatsink portion
65, 85. When uniting the pair of supporting main bodies
60 and 80, while the semi-cylindrical coupling supports
66 and 86 are being mated with each other at their inner
surfaces 66a and 86a, the cylindrical coupling ring 5 can
surround the mated coupling supports 66 and 86. In this
state, a cylinder shape can be completed by the coupling
supports 66 and 86, and, as illustrated in FIGs. 5 and 6,
an adhesive 7 can be filled in the space within the cylin-
drically combined coupling supports 66 and 86, to there-
by achieve the unification.
[0030] The LED mounting board 10 and the circuit
board 25 can be electrically connected to each other by
lead wires 6. In order to arrange the lead wires 6, the
light reflecting body 30 can be provided with a lead wire
insertion groove 42 extending upward from the circuit
board insertion groove 41. The electrical connection be-

tween the LED mounting board 10 and the circuit board
25 is not limited by the lead wires, but may be achieved
by employing a circuit board formed from a flexible sub-
strate or rigid substrate.
[0031] As described above, the LED light source de-
vice 1 can be constituted by the coupling ring 5, the LED
mounting board 10, the circuit board 25, the light reflect-
ing body 30, the pair of supporting main bodies 60 and
80. After assembling them, the cylindrically combined
coupling supports 66 and 86 protruded from the respec-
tive heatsink portions 65 and 85 of the supporting main
bodies 60 and 80 can be clamped by the cylindrical cou-
pling ring 5, and the formed space within the cylindrically
combined coupling supports 66 and 86 can be filled with
the adhesive 7. In this manner, the supporting main bod-
ies 60 and 80 can be integrally formed while the heatsink
portions 65 and 85 and the base portions 75 and 95 are
in close contact with each other, and the LED mounting
board 10, the circuit board 25, the light reflecting body
30 can be housed within the integrated supporting main
bodies 60 and 80.
[0032] In this configuration, the LED mounting board
10 can be inserted into and fit to the LED mounting board
insertion grooves 62 and 82 of the heatsink portions 65
and 85, and the circuit board 25 can be inserted into and
fit to the circuit board insertion groove 41 provided to the
dome portion 40 of the light reflecting body 30.
[0033] In addition to this, the circuit board 25 can be
interposed and held by the trunk portions 70 and 90 of
the respective supporting main bodies 60 and 80, and
the light reflecting body 30 can be interposed and held
by the trunk portions 70 and 90 at its dome portion 40
and by the base portions 75 and 95 at its flange portions
50 and 55.
[0034] The LEDs 12 and 15 can be mounted on the
lower surface of the LED mounting board 10 so that the
irradiation direction thereof is directed toward the dome
portion 40 of the light reflecting body 30, and can be elec-
trically coupled with the circuit board 25 by the lead wires
6. Furthermore, the circuit board 10 at its one end can
be inserted into and pass through the circuit board inser-
tion holes 75a and 95a provided to the respective base
portions 75 and 95 of the supporting main bodies 60 and
80.
[0035] A description will now be given of the optical
system of the LED light source device with the above-
described configuration with reference to the partial en-
larged cross-sectional view of FIG. 7.
[0036] The pair of first light reflecting surfaces 44 and
45 of the dome portion 40 in the light reflecting body 30
can each be formed from a hyperbolic cylindrical surface
extending in the lengthwise direction and showing a cross
section 44a, 45a in the width direction being a certain
hyperbolic surface. The hyperbolic cylindrical surfaces
of the first light reflecting surfaces 44 and 45 can have a
common inner focal line f1.
[0037] Furthermore, the first LED 12 can be disposed
to face the hyperbolic cylindrical surface of the first light
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reflecting surface 44 having the inner focal line f1, so that
the LED element 13 is positioned near or at a position
which is a focal point f2a of a hyperbolic line 44a’ that is
paired with the hyperbolic line 44a (with the focal point
f2a being located on an outer focal line paired with the
inner focal line f1). In the same manner, the second LED
15 can be disposed to face the hyperbolic cylindrical sur-
face of the first light reflecting surface 45 having the inner
focal line f1, so that the LED element 16 is positioned
near or at a position which is a focal point f2b of a hyper-
bolic line 45a’ that is paired with the hyperbolic line 45a
(with the focal point f2b being located on an outer focal
line paired with the inner focal line f1).
[0038] With this configuration, out of light rays emitted
from the LED element 13 of the first LED 12 and exiting
through the light emission surface 14a via the sealing
resin 14, light rays L1a directed within a predetermined
emission angular range about the optical axis Xa of the
LED element 13 can be incident on the first light reflecting
surface 44 formed from the hyperbolic cylindrical surface
having the focal line f1.
[0039] The light rays L1a incident on the first light re-
flecting surface 44 can be reflected to an extending di-
rection of a line connecting the incident point P of the first
light reflecting surface 44 and a point of the inner focal
line f1. Specifically, the light rays L1a emitted from the
light emission source at the position of focal point f2a and
reflected by the first light reflecting surface 44 can be
irradiated toward a directional range of from sideward
and obliquely upward direction to sideward and obliquely
downward direction with respect to the first light reflecting
surface 44, as if the reflected light rays L1a are emitted
from an apparent light source (pseud light source) dis-
posed on a point of the inner focal line f1.
[0040] In the same manner, out of light rays emitted
from the LED element 16 of the second LED 15 and ex-
iting through the light emission surface 17a via the sealing
resin 17, light rays L2a directed within a predetermined
emission angular range about the optical axis Xb of the
LED element 16 can be incident on the first light reflecting
surface 45 formed from the hyperbolic cylindrical surface
having the focal line f1.
[0041] The light rays L2a incident on the first light re-
flecting surface 45 can be reflected to an extending di-
rection of a line connecting the incident point Q of the
first light reflecting surface 45 and a point of the inner
focal line f1. Specifically, the light rays L2a emitted from
the light emission source at the position of focal point f2b
and reflected by the first light reflecting surface 45 can
be irradiated toward a directional range of from sideward
and obliquely upward direction to sideward and obliquely
downward direction with respect to the first light reflecting
surface 45, as if the reflected light rays L2a are emitted
from an apparent light source (pseud light source) dis-
posed on a point of the inner focal line f1.
[0042] Furthermore, out of light rays emitted from the
LED element 13 of the first LED 12 and exiting through
the light emission surface 14a via the sealing resin 14,

light rays L1b directed by a larger angle (larger angular
range) than the predetermined emission angular range
about the optical axis Xa of the LED element 13 can be
incident on the second light reflecting surface 51 of the
flange portion 50. Then, the light rays L1b incident on the
second light reflecting surface 51 can be reflected to an
obliquely upward direction with respect to the second
light reflecting surface 51.
[0043] In the same manner, out of light rays emitted
from the LED element 16 of the second LED 15 and ex-
iting through the light emission surface 17a via the sealing
resin 17, light rays L2b directed by a larger angle (larger
angular range) than the predetermined emission angular
range about the optical axis Xb of the LED element 16
can be incident on the second light reflecting surface 56
of the flange portion 55. Then, the light rays L2b incident
on the second light reflecting surface 56 can be reflected
to an obliquely upward direction with respect to the sec-
ond light reflecting surface 56.
[0044] It should be noted that the light rays L1a reflect-
ed by the first light reflecting surface 44 and directed to-
ward a directional range of from sideward and obliquely
upward direction to sideward and obliquely downward
direction with respect to the first light reflecting surface
44 and the light rays L1b reflected by the second light
reflecting surface 51 and directed to an obliquely upward
direction with respect to the second light reflecting sur-
face 51 can be irradiated outward through an opening 97
formed by the integrated supporting main bodies 60 and
80. (See FIG. 4.) Furthermore, the light rays L2a reflected
by the first light reflecting surface 45 and directed toward
a directional range of from sideward and obliquely up-
ward direction to sideward and obliquely downward di-
rection with respect to the first light reflecting surface 45
and the light rays L2b reflected by the second light re-
flecting surface 56 and directed to an obliquely upward
direction with respect to the second light reflecting sur-
face 56 can be irradiated outward through another open-
ing 98 formed by the integrated supporting main bodies
60 and 80.
[0045] Therefore, the light rays reflected by the first
light reflecting surfaces 44 and 45 and the second light
reflecting surfaces 51 and 56 can be irradiated outside
of the LED light source device without being shielded,
which can increase the light utilization efficiency as well
as achieve the brighter LED light source device 1.
[0046] Then, the light emission direction of the exiting
light rays from the LED light source device with the above
configuration will be compared with the light emission
direction of the exiting light rays from the linearly extend-
ed coiled filament 150. FIGs. 8A and 8B are schematic
horizontal cross-sectional views of a conventional elec-
tric bulb (8A) and the LED light source device (8B) ac-
cording to the first exemplary embodiment, respectively,
for comparison. Specifically, FIG. 8A illustrates the light
rays emitted from the filament 150 and directed both side-
ward directions with respect to the elongated filament
150. On the other hand, FIG. 8B illustrates the light rays
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emitted from the LEDs 12 and 15 and reflected both side-
ward directions by the first light reflecting surfaces 44
and 45 provided along the lengthwise direction of the
light reflecting body 30. Specifically, the light rays can be
assumed to be emitted from an apparent pseud light
source disposed at a certain point on the focal line f1
within the dome portion 40 of the light reflecting body 30,
and reflected by the first light reflecting surfaces 44 and
45 of a hyperbolic cylindrical surface disposed along the
lengthwise direction of the light reflecting body 30. As
illustrated, the light rays can be irradiated almost in the
same directions as those for the conventional electric
bulb.
[0047] Next, further comparison will be made between
a conventional lighting fixture, as illustrated in FIG. 9,
employing an electric bulb 151 with the filament 150 as
a light emission source and a reflector 153 surrounding
the electric bulb 151 and having a light reflecting surface
152, and a lighting fixture 200, as illustrated in FIG. 10,
employing the LED light source device 1 according to the
first exemplary embodiment, in which the inner focal line
f1 common to the pair of first light reflecting surfaces 44
and 45 of the light reflecting body 30 is disposed at a
position corresponding the filament 150 of the bulb 151.
The optical paths of light rays L10a in the conventional
lighting fixture 154 are substantially the same as the op-
tical paths of light rays L20a in the lighting fixture 200
utilizing the LED light source device 1. In the conventional
lighting fixture 154, the light rays L10a can be emitted
from the filament 150 and irradiated from the electric bulb
151 to be directed toward a directional range of from side-
ward and obliquely upward direction to sideward and ob-
liquely downward direction with respect to the electric
bulb 151. In the lighting fixture 200, the light rays L20a
can be emitted from the apparent pseud light source dis-
posed at a certain point on the focal line f1 and irradiated
from the LED light source device 1 to be directed toward
the same or similar directional range as the conventional
electric bulb 151 (of from sideward and obliquely upward
direction to sideward and obliquely downward direction
with respect to the LED light source device 1).
[0048] Furthermore, the optical paths of the light rays
L10b emitted from the filament 150 and irradiated from
the electric bulb 151 to be directed to obliquely upward
directions with respect to the electric bulb 151 can be
substantially the same as those of the light rays L20b
emitted from the apparent pseud light source at the po-
sition of focal line f1 and irradiated from the LED light
source device 1 to be directed to obliquely upward direc-
tions with respect to the LED light source device 1 due
to the second light reflecting surfaces 51 and 56.
[0049] With this conventional lighting fixture 154 utiliz-
ing the electric bulb 151 as a light source, the light rays
L10a irradiated to be directed toward the directional
range of from sideward and obliquely upward direction
to sideward and obliquely downward direction with re-
spect to the electric bulb 151 and reflected by a light
reflecting surface 152 of a reflector 153 and passing

through a forward outer lens 155 and the light rays L10b
irradiated to be directed to the obliquely upward direc-
tions with respect to the electric bulb 151 and directly
passing through the outer lens 155 can be combined to
form a light distribution pattern. On the other hand, with
the lighting fixture 200 utilizing the LED light source de-
vice 1 as a light source, the light rays L20a irradiated to
be directed toward the directional range of from sideward
and obliquely upward direction to sideward and obliquely
downward direction with respect to the LED light source
device 1 and reflected by a light reflecting surface 152
of a reflector 153 and passing through a forward outer
lens 155 and the light rays L20b irradiated to be directed
to obliquely upward directions with respect to the LED
light source device 1 and directly passing through the
outer lens 155 can be combined to form a light distribution
pattern. The resulting light distribution pattern formed by
the lighting fixture 200 utilizing the LED light source de-
vice 1 can be almost the same as that formed by the
conventional lighting fixture 154 utilizing the electric bulb
151 (filament 150).
[0050] Therefore, even when the LED light source de-
vice 1 of the present invention is employed as a light
source for a common lighting fixture in place of a common
electric bulb, the same or similar light distribution char-
acteristics and luminance distribution can be achieved
without modifying the lighting fixture. Furthermore, such
a common lighting fixture can employ the LED light
source device simply by replacing the electric bulb of
such a common lighting fixture with the LED light source
device, whereby the service life of the lighting fixture can
be prolonged.
[0051] Next, a description will be give of a comparison
of the LED light source device of the present invention
(first exemplary embodiment) with a conventional LED
bulb as disclosed in Japanese Patent No. 4689762.
[0052] As disclosed therein, the conventional LED bulb
can provide an elongated oval shape as a pseud light
source shape due to the curved conical reflecting surface
of the reflecting member, which serves as a pseud light
source by the reflected light therefrom, and thus, the
shape of the pseud light source of the conventional LED
bulb is absolutely different from the common filament
shape (linearly extending with a constant diameter) as a
light source for a common electric bulb. As a result, even
if an electric bulb of a lighting fixture is replaced with the
conventional LED bulb, since the light distribution pattern
provided by the lighting fixture using the conventional
LED bulb is different from the original one, the simple
replacement cannot achieve the normal use of such a
lighting fixture with the different light distribution pattern.
[0053] Furthermore, in the lighting fixture using such a
conventional LED bulb, almost all the light rays emitted
from the LED light emitting element are irradiated outside
of the lighting fixture via two times reflection by the re-
flecting surface of the reflecting member and a concave
reflecting mirror of the lighting fixture. This results in fail-
ure of reproduction of direct light rays from a bulb. In view
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of this point, the lighting fixture with the conventional LED
bulb replacing the electric bulb cannot reproduce the
same light distribution pattern.
[0054] On the contrary, the LED light source device of
the present invention can provide almost the same shape
as the common filament shape (linearly extending with
a constant diameter) because the shape of the pseud
light source by the reflected light from the LED light
source can be formed by the first light reflecting surface
with a hyperbolic cylindrical surface having an extended
focal line, and the pseud light source can be shaped cor-
responding to the shape extending along the focal line.
Consequently, even when the LED light source device
of the present invention is employed as a light source for
a common lighting fixture in place of a common electric
bulb, the same or similar light distribution pattern can be
formed without modifying the lighting fixture.
[0055] In addition to this feature, in the lighting fixture
utilizing the LED light source device of the present inven-
tion, part of the light rays emitted from the LED light
source can be reflected by the second light reflecting
surfaces of the light reflecting body to obliquely upward
directions and irradiated outward directly. Thus, the LED
light source device with this configuration can achieve
the reproduction of direct light rays from a bulb. In view
of this point, the LED light source device can contribute
to the formation of the light distribution pattern by the
lighting fixture even when a bulb is replaced with the LED
light source device.
[0056] Furthermore, in the LED light source device 1,
the first LED 12 can irradiate the first light reflecting sur-
face 44 and the second light reflecting surface 51 of the
light reflecting body 30 with the emission light rays there-
from while the second LED 15 can irradiate the first light
reflecting surface 45 and the second light reflecting sur-
face 56 of the light reflecting body 30 with the emission
light rays therefrom. This configuration can increase the
amount of light rays reflected by the respective light re-
flecting surfaces 44, 51, 45, and 56, thereby achieving a
brighter lighting fixture.
[0057] Next, FIG. 11 is a partial enlarged cross-sec-
tional view of an LED light source device according to a
second exemplary embodiment, in particular, illustrating
an optical system.
[0058] The second exemplary embodiment is different
from the first exemplary embodiment in that the config-
uration of the first light reflecting surface of the light re-
flecting body and the positional relationship between the
LED and the first light reflecting surface.
[0059] Specifically, the composite reflecting surface
can include the first light reflecting surface 46 that can
be formed from a hyperbolic cylindrical surface including
the ridge portion 43 while being disposed at the center
of the light reflecting body in the lengthwise direction
when viewed from above. The hyperbolic cylindrical sur-
face can extend in the lengthwise direction and show a
cross section 46a in the width direction being a certain
hyperbolic line.

[0060] Furthermore, an LED 18 can be disposed to
face the hyperbolic cylindrical surface of the first light
reflecting surface 46 having the inner focal line f1, with
an LED element 19 positioned near or at a position which
is a focal point f2 of a hyperbolic line 46a’ that is paired
with the hyperbolic line 46a (with the focal point f2 being
located on an outer focal line paired with the inner focal
line f1).
[0061] With this configuration, out of light rays emitted
from the LED element 19 of the LED 18 and exiting
through the light emission surface 20a via the sealing
resin 20, light rays L5a directed within a predetermined
emission angular range about and including the optical
axis X of the LED element 19 can be incident on the first
light reflecting surface 46 formed from the hyperbolic cy-
lindrical surface having the focal line f1.
[0062] The light rays L5a incident on the first light re-
flecting surface 46 can be reflected by the same to an
extending direction of a line connecting the incident point
R of the first light reflecting surface 46 and the closest
point of the inner focal line f1 to the incident point R.
Specifically, the light rays L5a emitted from the light emis-
sion source at the position of focal point f2 and reflected
by the first light reflecting surface 46 can be irradiated
toward a directional range of from sideward and obliquely
upward direction to sideward and obliquely downward
direction with respect to the first light reflecting surface
46, as if the reflected light rays L5a are emitted from an
apparent light source (pseud light source) disposed on
a point of the inner focal line f1.
[0063] Furthermore, out of light rays emitted from the
LED element 19 of the LED 18 and exiting through the
light emission surface 20a via the sealing resin 20, light
rays L5b directed by a larger angle (larger angular ranges
with the optical axis X interposed therebetween) than the
predetermined emission angular range about and includ-
ing the optical axis X of the LED element 19 can be inci-
dent on the second light reflecting surfaces 51 and 56 of
the flange portions 50 and 55. Then, the light rays L5b
incident on the second light reflecting surfaces 51 and
56 can be reflected to obliquely upward directions with
respect to the second light reflecting surfaces 51 and 56.
[0064] With this configuration, as in the first exemplary
embodiment, the optical paths of light rays in the con-
ventional lighting fixture are substantially the same as
the optical paths of light rays in the lighting fixture utilizing
the LED light source device. In the conventional lighting
fixture, the light rays can be emitted from the filament
(linearly extended coiled filament with a constant diam-
eter) and irradiated from the electric bulb to be directed
toward a directional range of from sideward and obliquely
upward direction to sideward and obliquely downward
direction with respect to the electric bulb. In the lighting
fixture using the LED light source device of the present
invention, the light rays can be emitted from the apparent
pseud light source disposed at a certain point on the focal
line f1 and irradiated from the LED light source device to
be directed toward the same or similar directional range
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as the conventional electric bulb (of from sideward and
obliquely upward direction to sideward and obliquely
downward direction with respect to the LED light source
device).
[0065] Therefore, the resulting light distribution pattern
formed by the lighting fixture utilizing the LED light source
device according to the second exemplary embodiment
can be almost the same as that formed by the conven-
tional lighting fixture utilizing the electric bulb (filament).
Therefore, even when the LED light source device of the
present invention is employed as a light source for a com-
mon lighting fixture in place of a common electric bulb,
the same or similar light distribution characteristics and
luminance distribution can be achieved without modifying
the lighting fixture. Furthermore, such a common lighting
fixture can employ the LED light source device simply by
replacing the electric bulb of such a common lighting fix-
ture with the LED light source device, whereby the service
life of the lighting fixture can be prolonged.
[0066] Note that in the second exemplary embodiment,
a single LED 18 can irradiate with light rays the first light
reflecting surface 46 disposed on both sides in the width
direction with the ridge portion 43 interposed therebe-
tween. This configuration can reduce the number of used
LED elements, thereby achieving cost reduction in man-
ufacture of the LED light source device as well as parts
cost.

Claims

1. An LED light source device (1) comprising:

an LED (12, 15, 18) including an LED element
(13, 16, 19) as a light emission source; and
a light reflecting body (30) configured to include
a light reflecting surface (44, 45, 46, 51, 56) con-
figured to reflect light emitted from the LED (12,
15, 18) in a predetermined direction, character-
ized in that
the light reflecting surface (44, 45, 46, 51, 56) is
configured to include at least a first light reflect-
ing surface (44, 45, 46) composed of a first hy-
perbolic cylindrical surface, and
the first hyperbolic cylindrical surface (44, 45,
46) is configured to have an inner focal line (f1)
inside the light reflecting body (30) and be ob-
tained by moving part of a hyperbolic line (44a,
45a, 46a) in a perpendicular direction to a plane
including the hyperbolic line (44a, 45a, 46a), the
hyperbolic line (44a, 45a, 46a) having an outer
focal point (f2, f2a, f2b) at or near a position at
which the LED element (13, 16, 19) is located.

2. The LED light source device (1) according to claim
1, characterized in that
the first light reflecting surface (44, 45) is configured
to further include a second hyperbolic cylindrical sur-

face (45) , and
the second hyperbolic cylindrical surface (45) is con-
figured to have an inner focal line (f1) located at the
inner focal line (f1) of the first hyperbolic cylindrical
surface (44) and be obtained by moving part of a
hyperbolic line (45a) in a perpendicular direction to
a plane including the hyperbolic line (45a), the hy-
perbolic line (45a) having an outer focal point (f2b)
at a position different from the outer focal point (f2a)
of the hyperbolic line (44a) of the first hyperbolic cy-
lindrical surface (44).

3. The LED light source device (1) according to claim
2, characterized in that
the LED (12, 15, 18) comprises at least a first LED
(12) and a second LED (15); and
the first LED (12) is located at or near an outer focal
line (f2a) obtained by moving the outer focal point
(f2a) of the hyperbolic line (44a) of the first hyperbolic
cylindrical surface (44) and the second LED element
(15) is located at or near an outer focal line (f2b)
obtained by moving the outer focal point (f2b) of the
hyperbolic line (45a) of the second hyperbolic cylin-
drical surface (45).

4. The LED light source device (1) according to any
one of claims 1 to 3, characterized in that:

the light reflecting surface (44, 45, 46, 51, 55) is
configured to further include a second light re-
flecting surface (51, 56);
the second light reflecting surface (51, 55) is
configured by a free curved surface provided so
as to protrude in a direction substantially per-
pendicular to an optical axis of the LED element
(13, 16, 19) and away from the LED (12, 15, 18)
farther than the first light reflecting surface (44,
45, 46) ;
light rays emitted from the LED element (13, 16,
19) within a predetermined emission angular
range around the optical axis are incident on the
first light reflecting surface (44, 45, 46); and
light rays emitted from the LED element (13, 16,
19) by a larger angle than the predetermined
emission angular range are incident on the sec-
ond light reflecting surface (51, 55).

5. The LED light source device (1) according to any
one of claims 1 to 4, characterized in that
the LED (12, 15, 18) is produced by resin-sealing an
LED element (13, 16, 19) with a translucent resin
(14, 17, 20) so as to have an aspheric light emission
surface (14a, 17a, 20a); and
the light rays emitted from the LED element (13, 16,
19) to enter the translucent resin (14, 17, 20) are
refracted by the light emission surface (14a, 17a,
20a) of the translucent resin (14, 17, 20) by means
of lens effects to be bent toward an optical axis (X,
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Xa, Xb) of the LED element (13, 16, 19) when exiting
the translucent resin (14, 17, 20).

6. A lighting fixture (200) comprising:

a reflector (153) having a lighting chamber;
an outer lens (155) made of a transparent resin
and configured to cover the reflector (153) to
define the lighting chamber; and
an LED light source device (1) disposed in the
lighting chamber and including: an LED (12, 15,
18) including an LED element (13, 16, 19) as a
light emission source; and a light reflecting body
(30) configured to include a light reflecting sur-
face (44, 45, 46, 51, 56) configured to reflect
light emitted from the LED (12, 15, 18) in a pre-
determined direction,

characterized in that

the light reflecting surface (44, 45, 46, 51, 56) is
configured to include at least a first light reflect-
ing surface (44, 45, 46) composed of a first hy-
perbolic cylindrical surface, and
the first hyperbolic cylindrical surface (44, 45,
46) is configured to have an inner focal line (f1)
inside the light reflecting body (30) and be ob-
tained by moving part of a hyperbolic line (44a,
45a, 46a) in a perpendicular direction to a plane
including the hyperbolic line (44a, 45a, 46a), the
hyperbolic line (44a, 45a, 46a) having an outer
focal point (f2, f2a, f2b) at or near a position at
which the LED element (13, 16, 19) is located.
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